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I. REAL PARTY IN INTEREST 
37 CFR§1. 192(c) (1) 

The real party in interest is the Applicant named in the caption of this Brief. 

II. RELATED APPEALS AND INTERFERENCES 
37CFR§1.192(c) (2) 

The Board's decision in the present Appeal will not directly affect, or be directly 

affected, or have any bearing on any other appeals or interferences known to the 

appellant, or to the appellant's legal representative. There is no assignee. 

III. STATUS OF CLAIMS 
37CFR§1.192(c) (3) 

The following statement of the status of the claims has been corrected in 

response to the Examiner's Answer. 

Status of All the Claims: 

1. Claims presented: 1-25 

2. Claims withdrawn from consideration but not cancelled: NONE 

3. Claims canceled: NONE 

4. Claims pending: 1-25 of which: 

a. claims objected to: 3-25 

b. claims rejected: 1-2 

c. claims allowed: NONE 

All the rejected claims, namely claims 1 and 2, are being appealed. The 
appealed claims are eligible for appeal, having been finally rejected. 

3 
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IV. STATUS OF AMENDMENTS 
37CFR§1.192(c) (4) 

The last Office Action mailed on 05/14/2003 contained a Final Rejection of 

claims 1-25. 

Applicant subsequently requested a telephonic interview with the Examiner in an 
effort to understand and discuss the rejection, but the request was denied by the 
Examiner without any apparent or stated reason. 

After the Appeal Brief was submitted, a telephonic interview was conducted in 

March 2004, during which agreement was reached concerning claim 3. 

V. SUMMARY OF THE INVENTION 
37 CFR§1.192(c) (5) 

The power conditioner of the present invention is a linear, real time control 

system that acts to remove harmonic and spurious distortion and noise from an external 

source of AC power. The preferred embodiment of the apparatus includes a transformer 

and an active filter coupled in series to a power distribution network. The power 

distribution network includes a voltage source that induces input currents at a first end 

of the power distribution network. Nonlinear loads and other conditions on the power 

distribution network cause harmonic, spurious, and random noise components that 

corrupt the power signals. The active filter of the present invention uses a 

monochromatic reference derived from the incoming AC power voltage which is 

prepared by stripping off unwanted harmonics and noise and regulating amplitude to a 

predetermined value. A feedback control system is configured to operate in series with 
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a secondary winding of the transformer so as to effectively subtract voltage imperfections 

from the incoming AC. The control loop is compensated in such a way that it is 

stabilized without compromising bandwidth. 

VI. ISSUES ON APPEAL 
37CFR§1.192(c) (6) 

The following statement of the issues on appeal has been corrected in response 
to the Examiner's Answer. 

A. Whether claims 1-2 are unpatentable under 35 U.S.C. §102(b). See 

Examiner's Final Action, page 3. 

VII. GROUPING OF CLAIMS 
37CFR§1.192(c) (7) 

Claims 1-2 stand rejected under 35 U.S.C. 102 over U.S. Patent No. 5,093,531 to 

Estes ("Estes, Jr."). The Examiner generally asserts that each element of the invention of 

claims 1 and 2 is disclosed by Estes, Jr. Applicant is unable to locate each element of 

the invention of claims 1 and 2 in Estes, Jr., and has therefore requested that the 

Examiner specifically point out in Estes, Jr. the occurrence each element of the 

inventions of claims 1 and 2. The Examiner has not done so. As a result Applicant is 

unable to direct the Board's attention to those portions of Estes, Jr. that the Examiner 

contends disclose each and every element of the invention of claims 1 and 2. 
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VIII. ARGUMENT 
37CFR§1.192(c) (8) 

On p. 4 of the Examiner's Answer, the examiner has more clearly stated the 

grounds of rejection. The following arguments are in response to these grounds of 

rejection. 

Examiner's rejection states that amplifier 175 in Fig. 2 of the Estes reference 
anticipates the amplifier recited in claim 1 . In order to anticipate the claimed 
invention, "every element of the claimed invention must be identically shown in a 
single reference. ... T hese elements must be arranged as in the claim under review." 
In re Bond, 910 F.2d 831 (Fed. Cir. 1990). Therefore, in order for Estes, Jr. to anticipate 
claims 1 and/or 2, "every element of the claimed invention must be identically shown in 
a single reference. ... These elements must be arranged as in the claim under review." 
Id 

In order to anticipate either of claims 1 and 2, therefore, Estes, Jr. must set forth 
every element of the claims at issue, and those elements must be arranged as claimed. 
Claim 1 sets forth, inter alia, the following limitations and arrangement of elements, 
notably the "amplifier", which Estes, Jr. must teach and show in the identical 
arrangement: 

Limitation 1 : said output sampler functioning to provide a scaled sampling of the 
output voltage of said power line conditioner to a first input of said amplifier, 

Limitation 2: said voltage reference connected to provide a desired voltage to a 
second input of said amplifier; 

6 
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Limitation 3: an output of said amplifier connected to a first terminal of said first 
secondary winding of said isolation transformer,..., s aid second terminal of said first 
secondary winding of said isolation transformer also constituting the output of said 
power line conditioner. 

The examiner's asserts that limitation 1 is met by the portions of Estes, Jr. 
comprising elements 136, 140a, 140b, 138 and 168, which are connected to a first 
input of amplifier 1 75. Examiner also argues that limitation 2 is satisfied by the ground 
connection to the second input of the amplifier 1 75 as taught in Estes, Jr. 

Assuming, arguendo, that the above arguments with respect to limitations 1 and 
2 are correct, amplifier 1 75 taught by Estes, Jr. does not satisfy limitation 3. 

Regarding limitation 3, the examiner's position is that the output of the Estes, Jr. 
amplifier 1 75 is connected via elements 1 67, 1 38 and 1 36 to a first terminal (the top 
terminal) of the secondary winding of the transformer 34. The examiner's position 
requires that elements 1 36 and 1 38 are components of the output sampler as well as 
intervening components that facilitate the coupling of the output of amplifier 1 75 to the 
secondary winding of transformer 34. Those skilled in the art would immediately see 
that the use of elements 1 36 and 1 38 for facilitating the amplifier's connectivity 
requirements of claim 1 are inconsistent with the circuit claimed in claim 1 . Estes, Jr. 
therefore does not teach each and every limitation of claim 1, and in fact teaches away 
from the invention of claim 1 by disclosing a circuit configuration that would render the 
claimed circuits inoperable as a power line conditioner. 
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The MPEP states that "During examination, statements in the preamble reciting 
the purpose or intended use of the claimed invention must be evaluated to determine 
whether the recited purpose or intended use results in a structural difference ... between 
the claimed invention and the prior art. If so, the recitation serves to limit the claim. ... If 
a prior art structure is capable of performing the intended use as recited in the preamble, 
then it meets the claim." (see MPEP 21 1 1 .02). Regarding the preamble, the examiner 
states (first full paragraph on p. 8 of the Examiner's Answer) that one skilled in the art 
would deem it reasonable to consider converting a square wave source into a triangle 
wave output to be power conditioning. However, the examiner provides no evidence 
in support of his assertion. Appellant submits that one skilled in the art would know that 
the function of a "power line conditioner" is always to remove spectral impurities from 
an AC power line so as to provide power that is substantially sinusoidal and devoid of 
harmonic, spurious and random noise components. Therefore, the examiner's 
interpretation of the term "power conditioner" in the preamble is overly broad and is 
outside of the "broadest reasonable interpretation" of the claim. For examples of the 
definition of the term "power line conditioner" as it is used in the art, see Appendix B, 
last two paragraphs of p. 1 and the first paragraph of p. 2 and Appendix C, third 
paragraph on p. 1 . Appendices D-H are examples of websites that sell power line 
conditioners or contain definitions of power line conditioners. 
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It has long been the standard that the preamble is considered for purposes of 
determining anticipation or infringement when the preamble is necessary to give life, 
meaning and vitality to the claims. The Federal Circuit has also stated: "In other words, 
when the claim drafter chooses to use both the preamble and the body to define the 
subject matter of the claimed invention, the invention is so defined, and not some other, 
is the one the patent protects." Bell Communications Research, Inc. v. vital ink 
Communicaitons Corp., 55 F 3d 615 (Fed. Cir. 1995). 

In this case, the intended use recited in the preamble is as "a series active power 
line conditioner". Estes, Jr. is not capable of functioning as "a series active power line 
conditioner", as that term is defined in the art, and therefore does not anticipate the 
claims at issue. This intended use of the claimed invention is reflected in a structural 
difference between the claimed invention and the prior art, and should therefore limit 
the reasonable interpretation of the terms in the claim to differentiate Estes, Jr. The 
following paragraphs explain these structural differences, and why the circuit taught in 
Estes, Jr. does not anticipate the claimed invention. 

In order for the circuit described in the body of claim 1 to perform as a power 
line conditioner, the connection between the amplifier output and the first terminal of 
the transformer secondary winding cannot be connected to the output sampler. The 
output sampler cannot be included in the path between the amplifier output and the 
transformer secondary without forfeiting the functionality of the circuit as a power line 

9 
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conditioner. All control systems operate on the general principle that an output is 
sampled and compared with a standard of desired behavior. The difference between 
the sampled output and the standard is called the error. The error is amplified and used 
to correct the system behavior. The gain of the amplifier is used to mitigate the error so 
that the behavior of the system is congruent with the standard. In the case of the power 
line conditioner, the output sampler allows the amplifier to compare a sample of the 
output voltage with the reference (desired) voltage. The gain of the amplifier is used to 
correct the output by minimizing the difference (error) between the sampled output 
voltage and the reference voltage. If the sampler includes connections to the output of 
the amplifier, as is the case when any part of the sampler constitutes a path between the 
amplifier output and the transformer secondary, the sampler does not function as 
intended. It does not provide a scaled sampling of the output voltage (limitation #1). It 
is corrupted by the amplifier output so that the amplifier no longer produces the correct 
voltage required to remove distortion from the incoming AC power sinusoid. 

The power line conditioner of the present invention is a control loop or "servo". 

Referring to figure 4, the circuit will act to produce a voltage at output 501 that is a 

scaled replica of the reference AC voltage applied to the non-inverting input of the 

amplifier. The power line conditioner operates entirely on the principle that the 

reference voltage is a pure sinusoid and that the circuit will act to produce a scaled 

replica of the reference voltage at its output, thereby providing low distortion sinusoidal 

AC power at its output. If the reference voltage were 0V, i.e. ground, the circuit would 

10 
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be useless because it would generate an output voltage of OV. Therefore, a structural 
difference between the present invention and the Estes, Jr. reference is that, in the 
present invention, the second input of the amplifier cannot be connected to ground as 
taught in Estes, Jr., since connection to ground would transform the power line 
conditioner of claims 1 and 2 into merely an elaborate ground connection. 

This indiscriminate, broad reading of claims, to the exclusion of the preamble, in 
order to bring the claimed invention within the teachings of a purported anticipatory 
reference has been repeatedly rejected. In Corning Class Works v. Sumitomo Electric 
USA., 868 F.2d 1251 (Fed. Cir. 1989). At issue in Corning was a claim to optical 
waveguide. The claim at issue provided, in pertinent part: "An optical waveguide 
comprising (a) a cladding layer ... , and (b) a core formed of fused silica to which a 
dopant material has been added ... ." In rejecting the argument that the claim was 
anticipated by a reference that taught the combination of a core and cladding, but which 
did not and could not function as an optical wave guide, the Court stated: 

"To read the claim in light of the specification indiscriminately to cover all types 
of optical fibers would be divorced from reality. The invention is restricted to 
those fibers that work as waveguides as defined in the specification .... [t]he 
claim preamble in this instance does not merely state a purpose or intended use 
for the claimed structure ...Rather , those words do give 'life and meaning" and 
provide further positive limitations to the invention claimed. ... [t]he core and 
cladding limitations ... are not the only limitations of the claim ...The claim 
requires, in addition, the particular structural relationship defined in the 
specification for the core and cladding to function as an optical waveguide." Id. 
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As in Corning, the preamble of claims 1 and 2 give "life and meaning" to the 
claims, and require that the claimed invention function as a power line conditioner. In 
addition, in order to anticipate, Estes, Jr. must disclose identical circuits that also 
function as power line conditioners. The structural differences aside, the Examiner's 
argument that Estes, Jr.'s reference voltage of "0" volts qualifies Estes, Jr. as "a power line 
conditioner" is "divorced from reality", and cannot be sustained. 

Appellant submits that claims 1 and 2 are not anticipated by the Estes, Jr. 
reference and that claims 1 and 2 are in condition for allowance. 
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APPENDIX A 
37 CFR§1.192(c)(9) 

The text of the claims on appeal is: 

Claims 1-25, as follows: 

1 . (Original) A series active power line conditioner, comprising: 

an isolation transformer having a primary winding and a first secondary 
winding, said primary winding for receiving power from a source of alternating current 
power; and 

a feedback control loop comprised of a voltage reference, an output 
sampler, and an amplifier, said output sampler functioning to provide a scaled sampling 
of the output voltage of said power line conditioner to a first input of said amplifier, said 
voltage reference connected to provide a desired voltage to a second input of said 
amplifier; an output of said amplifier connected to a first terminal of said first secondary 
winding of said isolation transformer, and a second terminal of said first secondary 
winding of said isolation transformer connected to an input of said output sampler, said 
second terminal of said first secondary winding of said isolation transformer also 
constituting the output of said power line conditioner. 

2. (Original) The power line conditioner of claim 1 wherein the terminals of 
said primary winding of said isolation transformer are connected to a first port of the 
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power line conditioner, said first port also in communication with an AC power source; 
and 

said second terminal of said first secondary winding of said isolation 
transformer wired to a second port of the power line conditioner, said second port 
adapted for connecting one or more loads to said second port of the power line 
conditioner. 

3. (Currently Amended) The power line conditioner of claim 2 wherein said 
isolation transformer has a secondary unit, said secondary unit having a second 
secondary winding having current capability equal to that of said first secondary 
winding, s aid s econd secondary winding said secondary unit providing power to said 
amplifier of said feedback control loop, whereby voltage deficiencies in the incoming 
AC power are corrected by said amplifier utilizing the additional voltage contributed by 
said second secondary winding. 

4. (Original) The power line conditioner of claim 3 wherein said amplifier is 

a differential amplifier having first and second inputs and an output port, said first input 

operating as a non-inverting input such that excitations presented to said first input are 

amplified by said amplifier with substantially zero phase shift, said second input 

operating as an inverting input such that excitations presented to said second input are 

amplified by said amplifier with substantially 180 degrees of phase shift; and 
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said output sampler wired between said output port of the power line 
conditioner and said inverting input of said amplifier, said output port of said amplifier 
wired to said first terminal of said first secondary winding of said isolation transformer, 
said second terminal of said first secondary winding of said isolation transformer 
constituting said output of the power line conditioner, the loop formed by said first 
secondary winding, said output sampler, and said amplifier operating to provide said 
amplifier with substantially negative feedback. 

5. (Original) The power line conditioner of claim 4 wherein said output 
sampler comprises a voltage divider network. 

6. (Original) The power line conditioner of claim 5 wherein said voltage 
reference is derived from a sampling of the incoming AC power and is substantially 
purified of harmonic, spurious, and random noise by a filter. 

7. (Original) The power line conditioner of claim 5 wherein a passive 
network comprised of at least one capacitor is connected in parallel with said first 
secondary winding of said isolation transformer. 

8. (Original) The power line conditioner of claim 7 wherein said passive 

network is comprised of a series connected resister and capacitor. 
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9. (Original) The power line conditioner of claim 4 wherein said output 
sampler is comprised of at least one resister and at least one capacitor, the gain of said 
output sampler being frequency dependent according to a time constant associated with 
said resister and said capacitor, the gain of said output sampler being measurably higher 
above than below a corner frequency associated with said time constant. 

1 0. (Original) The power line conditioner of claim 9 wherein said output 
sampler contains a network comprised of a series connected resister and capacitor, said 
network connected between the input and the output of said output sampler. 

1 1 . (Original) The power line conditioner of claim 4 wherein a third input 
port is formed at a first terminal of a capacitor, a second terminal of said capacitor being 
connected to said non inverting input of said differential amplifier, said third input port 
being connected to the shield of at least one shielded cable by which connection is 
made between said differential amplifier and other components of said feedback control 
loop. 

1 2. (Original) The power line conditioner of claim 4 wherein said differential 

amplifier is comprised of a integrated circuit operational amplifier and a high current 

push pull output stage, the output of said integrated circuit operational amplifier being 
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coupled to the input of said push pull output stage so as to form a differential amplifier 
of higher output current capability compared to the current capability of the integrated 
circuit operational amplifier. 

1 3. (Original) The power line conditioner of claim 1 2 wherein a passive 
network comprised of at least one capacitor is connected to an output terminal of an 
active device used to perform amplification in said output stage and a terminal of a 
power supply used to bias said active device. 

14. (Original) The power line conditioner of claim 13 wherein said passive 
network is comprised of a series connected resister and capacitor. 

1 5. (Original) The power line conditioner of claim 1 2 wherein at least one 
diode is wired between the output of said integrated circuit operational amplifier and 
the input of said output stage, the polarity of said diode determined so as to permit the 
passage of output current from the output of said operational amplifier to the input of 
said output stage, the same polarity also providing blockage to current associated with 
the quiescent bias conditions of active devices used within said output stage to perform 
amplification. 
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1 6. (Original) The power line conditioner of claim 6 wherein said filter 
utilizes a voltage comparator for compressing a sampling of the incoming AC power into 
a substantially square wave. 

1 7. (Original) The power line conditioner of claim 1 6 wherein a first and 
second power supply rail of said comparator is derived from the output of a first and 
second operational amplifier, respectively, the outputs of said operational amplifiers 
being wired to their respective inverting inputs so as to provide a voltage follower 
function in each of said operational amplifiers. 

1 8. (Original) The power line conditioner of claim 1 6 wherein said voltage 
comparator operates from rail voltage supplies that are derived from a sampling of the 
incoming AC power in such a way that said rail voltage supplies effectively track the 
amplitude of the incoming AC power, the end result of which is a voltage comparator 
whose square wave output tracks the average amplitude of the incoming AC power. 

1 9. (Original) The power line conditioner of claim 6 wherein said filter 
includes at least one operational amplifier configured to operate as a low pass filter. 

20. (Original) The power line conditioner of claim 6 wherein said filter 

includes at least one 8th order low pass active filter. 
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21 . (Original) The power line conditioner of claim 6 wherein said filter 
includes at least one passive resister-capacitor low pass filter. 

22. (Original) The power line conditioner of claim 6 wherein said isolation 
transformer includes third and fourth secondary windings, said third secondary winding 
having substantially identical number of turns as said first secondary winding, said fourth 
secondary winding having substantially identical number of turns as said second 
secondary winding, wherein also, 

said feedback control loop appears in duplicate as first and second 

feedback control loops, said first loop connected to said first and second secondary 

windings of said isolation transformer to form a first half of a balanced output power line 

conditioner, said second loop connected to said third and fourth secondary windings of 

said isolation transformer to form a second half of said balanced output power line 

conditioner, said third and fourth secondary windings of said isolation transformer 

connected to said second half of said balanced output power line conditioner in 

opposite phase with respect to said first half of said balanced output power line 

conditioner, said first half and said second half operating together to provide a balanced 

output voltage with respect to a common ground connection between said first half and 

said second half, without respect to the balanced or unbalanced nature of the circuit 

associated with said primary winding of said isolation transformer. 

19 
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23. (Original) The power line conditioner of claim 22 wherein said voltage 
reference includes a phase splitter functioning to provide antiphase outputs from said 
voltage reference, said phase splitter being comprised of a first operational amplifier 
wired as a conventional non-inverting amplifier, and a second operational amplifier 
wired as a conventional inverting amplifier. 

24. (Original) The power line conditioner of claim 22 wherein a first passive 
network including at least one capacitor is wired between a first output of said balanced 
output power line conditioner and said common ground, and a second passive network 
including at least one capacitor is wired between a second output of said balanced 
output power tine conditioner and said common ground. 

25. (Original) The power line conditioner of claim 24, wherein said first and 
second passive networks include at least one series connected resister and capacitor. 
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CONCLUSION 



The Appellant requests favorable consideration by the Board. If any questions 
remain, please call the undersigned. 

Respectfully submitted, 



Dated: January 14, 2004 
GCB/cjb 

Glenn C. Brown, P.C. 
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Bend, Oregon 97701 

Phone: 541/312-2500 
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rfSi'£f c F rom Cans 

Look Afc AC ^wer Conditlonara - Part; 1 



Daniel Sweene 



Introduction 

Among the reviewing community, AC 
power conditioners genefaJV nave not aroused 
a great deal of fervor-^wftnesa the tact that 
George Tee. the man who introduced the 
Category to consumer electronics, is now 
much more celebrated for his mysterious 
time pieces than for the relative* straightfor- 
ward Power Blocks. I am afraid that I must 
count myself among the unaroused, for in 
all of my 15 years of reviewing, l have never 
sported on such a device, nor nave I want- 
ed to. I always assumed mat there was at 
least some slight value to the things, if for 
no other reason than they had earned a place 
in professional sound long before thefr ap- 
pearance in audio boutiques, but my limited 
exposure to them was not replete with the 
kind of revelatory experiences that sustain 



about disturbances in utility AC waveforms 
and how such disturbances manifest therrv 
selves at the equipment interface. 

Whit»» Tto Be 

Conditioned — The 

09 F**»ic*entlal 
AC Power 



Nor. I must 
say, has earfier 
reportage been 
such as to 
inspire experi 



The alternating current provided by pub- 
lic utilities in the United States is transmitted 
to the residence at 60H 2 and at a nominal 
RMS value of 120 volts. It is transmitted 
directly from the generator plant to various 
substations at much higher voltages over 
high tension lines in order to minimize resis- 
tive tosses, but is stepped down via trans- 
formers prior to reaching residential users. 

The frequency stability of the current 
provided to the residence is normally quite 



conviction. 

Curiously, kouwtr, almost Hone, of ike, cokmj^ut 
potvtr cotutizotun otv the Hawk* W ajty pro - 
wuHsfor a>KtroUuy pounriiKe, vodaj*. 

ments on my part. ^up. H works/ has been 
the usual response of reviewers hapless 



enough to be assigned these items (mostly 
audio reviewers, as it happens, since video 
journals have largely ignored the category) 
Granted, such assertions might be occa- 
sionally followed by reports of such pre* 
dictaoie epiphenomena as grain reduction 
improvements »n pace and even a whole- 
sale redisricting of the soundstage— in 
other words, the usual accolades bestowed 
upon iusi about any audio accessory these 
aays-but a/most entHofy absent m previous 
considerations has been any discussion of 
bow such devices actually condition the 
alternating current from the wall or how such 
conditioning might affect the operation o1 
audio or video equipment. 

A curious omission. I must say. since 
power conditioners, unlike Shaktl Stones and 
Mpmgo disks and sundry other high-end 
anodynes, draw upon a weihestabfened 
subdfsciptine within the field of electrical 
engineering. Power quality, the engineering 
term for the degree of conformity of AC 
electrical power to the sine wave ideal has 
been the subject of countless learned con- 
ferences and scientific papers, and is an 
area of increasing concern to etectriceJ uni- 
ties themselves, m short, a lot is known 

TO 



OOod, though not perfect, but the actual 
voltage at the wall socket frequently departs 
from the standard figure with numerous un- 
toward consequences regarding the perfor- 
mance of home entertainment equipment 
Curiously, however, almost none of the con- 
sumer power conditioners on the market 
have any provisions for controlling oowerline 
voltage 

The AC Itself is supposed to be a pure 
60 cycle sine wave, but it generally contains 
quite a number of higher frequencies-albert 
at much lower energy levels than the eOHz 



t»ve value to neutral, ze ro vofts representing 
the trough of the negative haK cycle. Voltage 
Is not supposed to swing negative at ail in 
relation to ground, and thus the power cir- 
cuit can be said to be single-ended. As 111 
explain a bit later, a balanced power deliv- 
ery to the residence, that is. a swing trom a 
positive to a negative voltage, would con- 
duce to better performance in audio and 
video systems, but it can only be had by 
resorting to some expensive expedients 

Hot positive and neutral are represented, 
respectively, by the left and right input slots' 
on the AC wall socket. The third terminal, 
which is located between and below the two 
slots, Is designated ground, or. safety ground 
This is also supposed to lie at an effectively 
zero voltage potential, but unfike the neutral, 
it does not form a return path for current back 
to the terminal box of the residence. Instead 
it forms a path to ground— literally the ground 
beneath you— for dangerous voltage poten- 
tials that may develop on the chaesises of 
electrical or electronic components. In other 
words, it functions analogously to a lightning 
rod, and often, like a lightning rod. the ground 
will be fastened to a metal object lodged in 
the soil, frequently a water pipe. 

The Fix 

So what is the role of the AC line condi- 
tioner in the provisioning of electrical power 
to the components in a home theatre sys- 
tem? The conventional wisdom, as expressed 
m much of the advertising copy for these 
devices, is that the AC should be 'pure. - that 
is. bereft of additional frequency components 
above 60 cycles, and that the primary f0 ie 



_ _, w .wt>, u iai iriw jjrimar 

aMdwpiuU^^r cord ma^ufiuturers treat the, AC pone, 
CArrura^rt cu a, ^ i*e$ thxyk, uv axtuAUfy^Ul 
current conveys tu> ifyrnuUioH,. 7 



fundamental. These are distributed across 
the audio spectrum, but their intensity is gen- 
erally inversely proportional to frequency- 
mat is. additional frequency components are 
stronger In the lower frequency ranges Be- 
cause the spurious energy on me powerline 
carrier is so broadband-and so generally 
unpreoHctable-Ht is quite difficult to eliminate. 
AC in the residence swings from a posi- 

WI06BCREEN REVIEW • ISSUE 3D 



Of the power conditioner »s to ensure such 
purity, indeed, some of the statements by 
line conditioner and audiophi/e power cord 
manufacturers treat the AC power carrier 
a/most as a signal itself, though m actuality 
wall current conveys no information, 

SWI. there Is some truth to the conven- 
tional wisdom. A pure, sinusoidal 60 cycle 
current is in fact desirable^at least in theory 
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- but unfortunately, no consumer power con- 
ditioner, with two passible exceptions con- 
sidered below, can output a 60 cycle sine 
wave. And, in any event, amplitude variations 
m the power AC are of more significance 
than are frequency variations to the perfor- 
mance of AV equipment, because over and 
under voltage conditions can result in gross 
ma/functions or even failure in electronic 
equipment. 

So how much impact does spurious high 
frequency energy, as opposed to line volt- 
age fluctuations, realiy have on the perfor- 
mance of audio and video components? 

That's largely dependent upon the design 
of the equipment, particularly the design of 
the power supply. 

The conventional "brute force* linear sup- 
pitas used in most premium component audio 
and video products today are designed to 
rectify AC into DC and eliminate all sinusoidal 
wave forms, but they're more effective at 
some frequencies tnan others They re most 
effective at the power frequency, 60 cycles 
and at low multiples of that frequency-what 
are known as the ripple frequencies. They're 
less effective with ascending frequency. 



then rectifying that back into DC. Nothing on 
the powerline itself Is likely to make It through 
the chopper, though the chopper itself gen- 
erates a great deal of high frequency noise 
Fortunately, that noise is confined to ultrason- 
ic*, and thus arguably is easier to deal with 
than the broadband noise in a linear supply, 
Thus, competent power supply engineer 
«ng goes a long way toward keeping power- 
line disturbances out of signal circuits. Never- 
theless. polluted AC is not without conse- 
quences to AV system performance, nor ie 
fine conditioning worthless as some in the 
audio press have suggested. What l will say 
is that most promotional literature for line 
conditioners and most reviews of the same 
have tended to be simplistic, misleading 
and often downright false, hence my deci- 
sion to write this article. 

As I hope to demonstrate, the mecha- 
nisms of powerline interaction with electron- 
ic components are many and complex, and 
fndividuai components vary greatly in their 
$usceptib% to performance degradation in 
the face of compromised Ac power. Seldom 
have previous considerations of the subject 



aren't cheap, but they re n 0 more expensive 
than certain audiophile line conditioners of 
entirely unproven value. But as one consumer 
manufacturer who will go unnamed told me 
"ordinary electrical principles don't hold in 
high enq audio. It's a separate reality. I dont 
care if some meter says that a Toshiba UPS 
puts our perfect sine wave power, and my 
device doesn't change the current at ail. I 
know that mine works and that the Toshiba 
screws up the sound.- This statement com* 
mg from a manufacturer whose product was 
judged practically worthless for correcting 
power factor by a major utility, but at the 
same time was given rave reviews In sever- 
al high end journals. 

Maybe he's right. Maybe physical laws 
are somehow suspended in high end enter- 
tainment systems and that magic is more 
powerful than engineering. 
But then again, maybe not 

Catalog Of Horrors 



^ " " 1 ' ^ne justice to the complexity of the issues 

Thus, ctytttrt power supply eMjutetruta aoes * ton* 

toAV system p^r^iautx^, tiortiluu, unAtioHiHtwr^ 
Uss as mm* uv tU audio press have, jested. 



However, puslnpuii circuits, ubiquitous in 
component audio and video today have 
considerable ability to 'reject" the 'power 
Supply, that is. to keep power supply distur- 
bances of whatever frequency f, 0 m contam- 
™*ng , the signal. Then too, competent design- 
ers of linear power supplies generally add 
bypass capacitors to the supplies which act 
to shunt high frequency energy to ground 
Furthermore, almost afi power supplies 
used m modern audio and video components 
are fully regulated-the exception being the 
supplies used for the output stages of power 
amplifiers. This means mat voltages seen 
by the signal circuits are controlled by regu- 
lator circuits which are designed to reject 
residual AC in me power supply itself. And 
in any case, the signal circuits themselves 
tend to be far greater offenders in terms of 
injecting higher frequency AC components 
into the supply than is the powerline. 

Switching power supplies, used in cheap 
CD and DVD players, in some digital com/ 
ponents. and in a few power amplifiers such 
as the Sunfire and Carver Lightstar units, are 
even more effective than linear supplies in 
keeping AC powerline disturbances in abey- 
ance^ Such power supplies perform what is 
called a dual conversion by rectifying AC 
from the wall chopping the resulting DC into 
a ultra-high frequency AC power earner, and 



At times one almost suspects a conspira- 
cy between manufacturers and reviewers to 
promote as much misinformation on the sub- 
ject of power quality and conditioning as 
Possible. Typically, power conditioners are 
presented as magic bullets which will some- 
how br/ng about wonderful improvements in 
sound image, dynamic range, system reso- 
lution, etc., often in seeming defiance of ac- 
cepted electrical principles and with absolute- 
ly n 0 reference to what actually might be 
occurring on the circuit level. Moreover, many 
of the manufacturers refuse to provide any 
specifics as to how their equipment oper- 
ates, and make claims which strain credible 
ty to the utmost. Very interestingly, most of 
the purveyors of audiophile and videophile 
power conditioners have zero presence in 
the industrial and medical markets where 
power quality can be literally a matter of life 
and death. 

Even more interestingly, one finds within 
the serious industrial markets devices which 
can actually prov.de pure, noise free, sinu- 
soidal AC power-devices which are com- 
pletely unknown to most higtvend reviewers. 
Mum-k,iowatt. ultra-high performance unin- 
terruptibie power supplies from SanRex and 
fosniba actually win maintain rock steady. 
60Hz 120 volt sine wave power regardless 
of what the utility is providing. Such devices 

WIDESCRE6N REVIEW • rSGUE 3 Q 



The following section identifies the spe- 
cific disturbances that occur in AC power 
jjnes and illustrates how these can eventual- 
ly be manifested in the output of the audio 
system, either through the passage of elec- 
trical interference directly into the signal path 
or by causing components to malfunction. 

I would emphasize here that this distinc- 
tion is fairly fundamental if not perhaps not 
immediately obvious. A component passing 
interference is not necessarily misbehaving 
or malfunctioning, in fact, it can be very lin- 
ear On the other hand, a component that is 
actually malfunctioning due to powerline 
perturbations is not necessarily subject to 
electrical interference, that is. the signal path 
itself may remain uncontarninated. Interference 
is an intrusion, a breakthrough at some point 
m the system where spurious electrical ener* 
gy «s conveyed into the signal path, and it 
may have nothing to do with component 
matfunctioning. In contredistjnetion, misbe- 
havlor due to shifting electrical parameters 
* n the AC power waveform does not represent 
a breakthrough or intrusion, but rather a fail- 
ure of the misbehaving component to ampli- 
fy, process, or transduce a signal accurately 
because operational voltages derived from 
the power line are no longer within specifi- 
cations for that given component, 

Although they ere oertainfy related, eiec 
tncal interference riding on the powerfine 
and, conversely, destabilizing voltage and 
current fluctuations giving rise to equipment 
malfunctions, represenr distinctly different 
sets of problems at the equipment level, and 
each has distinctly different audible conse- 
quences. Electrical interference tends to 
engender audible noise, while fluctuating 
voltages tend to change gain factors, or to 
introduce data or timing errors, or. in extreme 
cases, may even precipitate catastrophic 
failure. Both interference and instability often 

Pejge 2/a 
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™<* often from the same 



scores of fanes a month according to some 

vwoorvwaoreDro- !!Z I8S ' ln ,acl - ^968 exeeedmg S.OOO 

2£S"sJ? ^'^"y and measured*. unknown Unfortunately, many 

««•«. Noise is noise, a background^ h h ^ KU,,onef e on the market provide no 
recooni«biv r 9 ™* *« "» Protection whatsoever against S££ 

•woes, end most designated surge protec- 
to^are severe timiteSin ^6%^ 
Provide protection against repeated surges 
^toPte is so vrtaiiy *£KT 
well return to ft later. ' 

er !^ n{ " y - T U * 0pWle ,ine KJndttion- 

Ptont. which realty isnt a Une condi- 
toner In the stricteat aenae-has^T 



K^ lndu 2" by POwertir^gulari. 
I^L ? mo * subte -« toss of detail video 
C^T. th * 8 coarsening of 

^ ,8 ^ harsh- 

X^^T"* upon the 

oeagn of the equipment and the nature of 
the powemne fluctuation. 



Snoe significant power AC voltage fluc 
h^tons can effect (he longevity <Sp£ 
nente as wen as the quality ol fep,ca?J£ 
^etuacons-derthis^sSr 

iv 008 l ° 9ica " y «*» *» fair- 

prised of simple variations In AC voftaoe level 

atom defined below. Both may have sign,, 
«ant .mpacton audio and video repreductov 



Over And _ 

The first category consists of over and 
under voltage conditions where the rmT 
vo«age of tha alternating cuZ?xc£js or 
falls below e predetermined range. C£ 
Amencan public utilities nomina^tranamit 
120 volt power into residences, but actua 
voltages at the wall terminal VPlcaHyfafl 

beto " *" oTa^SgTeL 
Peers due to various losses in the wW^ 

<£TJ n t 18 ,0 «Paoted. andT* no 
oreatsgnrficanceeolongaathedrooo 
^IT 6 ^ a votts. but w»Wu 
caused concern are violent moment to 

"ff^ 1000 f9fm P»a*eaus above or below 
certain maxima and minima, 

n*l" ^T!^^ audio compo- 

nents are tolerant of slight long tern, a*p*- 

Kissr* - i20r8ttn °- 

,rZ,!^l 8 8 * ort * Beneralized min- 
ium and 130 an absolute maxvnum. FurIha ,. 

brief vottage swings of much grater magn,- 
^e: -n »act, most components can tolerate 

O^Z T 088 01 S8vwal hun<1 ^ vote. 
On the other hand, most audio and video 
systems are relatively intolerant of what are 
jnown as sags and swells, vottage fluctua- 
tions ol moderate magnitude tasting for sec- 
onds, and amplifiers particularly exhibit audi- 



Severe surges, those exceeding a kilo- 
volt are of pa/tfcular concern to designers 

•Went In milliseconds, and they occur 
"we frequently than most people re.llz»L 



Power Factor 

COf ^ n8 f! 0,M8 o» powertine problems 
conswta of harmonics and the interrelated 
Phenomenon of degraded power factor 
IS™ ^turbances occur when the 
AC terminates Into a reactive load, one that 
causes voltage and current to dep^ftW 

Reactive toads, that la toads represent^, 

SZIZTZ? ° r »"^aoce al 
fi^jaos In either voltage or current which 

TJT ^ ,h8Sh apeofthe waveform 

and superimpose higher frequencies Jon 

Mhose representing the sequence of phase 

^^L < ^.° nten8 ' afld axactty analo- 

by re^^T tha,hasbeen ^'orted 
oy reacts impedances has what is known 
asatow power factor, that is ft doe. noT^ 
preserve the proper relation of voltage and 
™™J**"™>* a»toant powerTliZ 
ato«ncal appliance. Motors parte? 
^adversely affected by poor power 
tow but so. to varying degrees, are ane- 
"00 audio circuits and digital circuits of all 
types. 

live^r^^ 8 "* 88 ^ ,ul » °> 
*ve toads, and these include motors 

fluorescent lights, ewitching power 

on computere. traneformera end J™2 

'actrhere, to name just a lew. Audio end 

vjdeo components themselves form reactive 

toads, and so you literally pollute your AC 

everything off. the AC flowing into your 
home may manifest anywhere from two to 
nve percent harmonic distortion, and after 
circulating through your houee wiring that 
figure may rise to 10 percent or more 
On this note, it is entirsv posftble to 
rt^'** ^ Tica ' 8 temous clock 
S^l^f If ?*" 8 nWdiV ^^able audl- 
Wea«ec^at least on certain components. 

^t,!*^' 13 «o fidelity is 

debatable, however. Any motor will cause 
some degradation in power (actor, and that 



ccuWftt possibly be for the better. It could 
«™e an audlbie difference, though aX 
^ always adjdged tenj 
At any rate, you should belwa^nVt 

SSS Lh^fTrT 0 harmonlc ana power 
factor Problems. Because of the magnitude 

*stonlon la concentrated in the tower fie- 
^^ ra, Wf. Passive power correction 
^enng of harmonics must invohre enor- 
^f^ctrical components to be very 
affective Furthermore, since harmonics oca* 

ttom^h in ^ {ar m *«* to be 

borough, ft must be either broadbanJor 
"^a'^nately utilize multitudes of high Q 
s^^^- Ertherway enteS 

h 9h cc^Ponents, and 
you w not going to fit all that componentry 
£o the tnm mie boxes that house Z innatos 
of most auatophile power conditioners^ 
size of the components necWyT 
construct a passive iqoMz toudspeeker cross- 
oven and then consider the lacVtoTwatta^ 
>™*«> "> AC power transn^e^ 

TZ^ZX* P0W8 ' Z, 

a speaker cable. Thus, gwen their dhnenstons 
"Wat block box audtophtle power condition-' 
ere are only capable of filtering high frequen- 
cy hash, and can hava onlyZ Tos?^ 
glbte effect on power factor 

mmton > ^ever. that there are a 
couple rt paas«/e devices whoa, manufac- 

cy harmonics These include the BurnS 
^T? 0O8r antl 'he Mrf Suite of 
d*oners (apparently more than one black 
box « ,equ.red). I have not tested any of 

vasd^y of the representations. All I can say 

".gh value components in order to be 
effective, tet the buyer beware 

facS 8 ^^' m<0m Md ' Power 
tator «rrectlon devices selling In the Indus. 

aentebly effective, but ail such devices I've 

!2l B f en£,ve O^ 3 '^ f»ced in 
thousands ol dollars. With the price of 
Pure power that high, ft probably makes more 
sense in most Instances to mvLT££c? 
nenta designed with a high tolerance fW 
Pore^wer. but that's an Individual deciei£ 

W ZZm? ^ ^ a"*" amps- 
fcere betoved of many audiophilea are espe- 
oaiy vulnerable to low frequency harmonics. 
» you ve got to have one of those, you might 
went to look ai an Industrial solution^ 
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1 °^f" e »P rim ary category of disturbance 
Is electneal noise, that is, additional frequen. 

f** £ ** 60 cyc,e P°™ caVrTer. 

I can trvs disturbance minor only by virtue ol 
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!1T i0 ,0 «* 60 cycle 

wav^orm. In terms of it8 affect yc * 

etectricai no.se on the powedine can repre. 
Senta very ^ proWem 'epre- 

^"ZT*? ^ m wVe ooncamed about 

hi r^' 8e ' 8 4180 app,ied '0 60 cycle 
hZ'J£L?' y " certain cases *»s such 

a^l^tL£? when 60 W» AC volt- 

wcycw hum property be construed as a 
noise problem. NevenEte " ? 

orouna necessarily evolves ruling out hum 
at the component level 

fmm f-f 08 ! "° iSe 00 lhe Poweriine arises 
'™ a great variety of sources BecthcT 

culpnts beh,rKl much of the harmonic drstor 
«on On me line. But power,™ ncZZT' 
poor power /actor and voltage ftuctuafcns 

ton of either audio cirouits nor motors its 

aTto !?T 6feCf 18 <™amina*n J * 
audio or vjdeo signals. 

^ lse * the most notice^ 

SET 2 P0W8 ' l " e irY,purlty *» ™ 

drfftcult to annate, it is well to understand 
how noise is transmitted from the power!** 
to the audio circuitry and ultimately to your 
eyes and ears 7 y 

Electrical noise on a powerfine takes two 
forms, normal mode noise end common mode 
noise. Normal mode noise is propagated be- 
tween hot and neutral, that is. it rides direct- 
ly on the power AC waveform, Common mode 
noise, on the other hand, is developed across 
the potential between the neutrai conductor 
and the safety ground. 

The magnitude of normal mode noise <a 
commonly much, much greater than that of 
common mode noise, but, paradoxically, the 
common mode variety is apt to pose much 
more of a problem since, in the case of fhlro 
pin eafety grounding, the safety ground Con- 
ducts directly to the chasstees of your com- 
ponents and from thence to the RCA signal 
ground (RCA interconnect cables are nor- 
mally grounded directly to the chassis) 
Generally impedances on the safety ground 
are such that the level of interference is tow, 
but when you're dealing with line level sig* 



^^f eaf ^^ofavolt,i t doesn1 

**** nofmal "Wte noise Qen- 

pl^^ 8rCWdmd ^^wwerTp. 
c^%TZL' m ° ' he audto ot **o cir 
sCty^lucT^^ deSi0n Power 

ot whateww ^ 8,1 AC ""Ctuations 

to emerT^I^ ^ R °' hef - no,8e <ande 
"enter the audio eigna. path by lees direct 

OorSS^cWsT^ 6 " 016 '»-' 

■nvoive audio or video circuits directly rh«T7r, 
£e chassis Itself « norn^SS 
the si Jna. cllu^ J. 

nae « > a current In me ground conduSof 
m^£r ,W * c f n ~« ^ ultimately to a 
modulation of the audio or video sfcne, 

«.„ T' B mal "* "oise gateway 
AC power. AH po^r transformers w,Z 
power suppi^ have capacitance b^hveen 
ma primary and secondary windhgs 

and transmrt 60 cycle throu 9 h the chaW 

Copper shields to minimize such coupling- 
idea thal 8,1 "»"ufaciureT s ^ 
Shouto embrace-but even with that, some 

** P rob,9m <s to separate the power 
supply from the main chassis and convey 
me reoulated DC to the signal circuits via 
an umbilicus, but unfortunately such con- 
struction techniques greatly increase me 
cost of a component and tnus arent com- 
monly used even in the most esoteric pieces 
nius. for most of us the basic design of me 
components presents a basic problem. 

AC hum, or "hum bars," in the case o» 
yideo, can also arise from the failure of power 
8uppiy components, particular filter capac- 
'ttw, or from poor circuit board layout m such 
cases, no amount of attention to interconnect 
cables or poweriine purity can remedy the 
situation, and repair or modification of the 
component ie me only eolution to the problem. 

Apart from the provision of an entirely 
separate power supply, a "dirty chassis" con- 
dition arising trom capacitlve coupling Irom 
me power transformer can be addressed by 
two other design techniques, the use of bal- 
anced circuits and connectors in the signal 
circuitry, and by third pin grounding on me 
power cord. 
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anr»n V J? d C " CU>,r y- '"hiding be,. 

°««='<vely blocxe most 
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ZTrZl 5 **. SniOV$ an a^aordinary ^ 
^^'"^aod radiated noise, 

ofs^ , K ° Wever exw P' me case 
of Servodr-ve, Inc. is balanced choke inte" 

25. accesso,y di5 ^ 

Svte 2f neCl cabte8 ate man ^a- 

Tltoa pm grounding. m e second cure 
^ * uaed «"m either balanced orsnale- 
andad c.rcu, te . In mie anangomen, a S 

SrairfJS^f °° ,hB °° Wef servos to 
fl!'" Iha f ha8s ' s 0( AC ooienwfs, and mus 

Here I might note that third pin oroundinn 
«tes In the face of audiophlia f^e^Se 9 

S^l<me^ m fact, lilting one or more third 
P« grounds In the system will serveTreZL 

M is present between neutrel and qroundl 
an undesirable but by no mea^un^l 
state o, affalfS . inanyUe 
* » ^a" 8 problems than its sofves 
particularly „,hen it is done at only onr^n, 

n*2X!?* in ^^P-CoTcorZ 
nents where one component is third pin 

t^isfo^ C . ab ' e C °' W>8C " no w» oe 
in^^ ' n, ° 8 ^"nded antenna poieed 

SSSL* *' man " ef 01 radi8,80 ar "d^ed 
t T'?"™T *r. If. on the ome, han ? 

£ £™lL 9 T aiS ™ y a| ^ Paten- 
r,,^ °" ^ chas S'S win s«ek ground 
mrnugn me grounding pi n instead of flowing 

up he RCA neutral to be amplified in the 
next stage, and, moreover, the rca cable 
will cease to function as a rad.0 antenna. To 
repeat, third pin grounds need not be por- 
tals for noise; properly implemented, they 
will actually reduce noise 

With an optimized AC power system, where 
ground is really ground, third pin grounding 
should be provided for an components-and 
not only for sonic reasons. In the event of a 
massive component failure, a third pin ground 
will serve to drain dangerous voltages from 
me chassis. This is particularly important 
when you're dealing with tube electronics 
where supply rails sit at hundreds or even 
thousands of volts, and where power supply 
capacitors have been Known to burst and 
release their charges onto the exposed metal 
surfaces of the chassis. Such potentials can 
kill you or a family member or a per— sane- 
thing to think about. Something else to mink 
about Is thai practically no audioptita tube gear 
is rated by Underwriters Laboratory for safety. 

Undeniably, though, noise can enter an 
audio signal path through the third pin or 
sa'ety ground even though mat ground Is 
intended to serve as drain and as means of 

Pago AJB 
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safety ground, and establishes an effective 
zeroj potent*! at the secondary of the trans- 
former for ail component drawing current 
from the transformer. However, any trans- 
former that breaks the safety ground will not 
meet UL requirements and wili not divert 
dangerous voltages on component chassis- 
es m the event of equipment failures. 

House wiring that is meticulously installed 
to meet and exceed code and which utiles 
tow resistance copper wire rather than cheap 
aluminum Romex cabling will also go a long 
way in minimize ground noise, as will a very 
tow impedance connection for the RCA ground 
conductor. Remember noise can occur at 
any point where a potential lies between a 
noise source and an open audio and video 
circuit, and so noise suppression techniques 
should be utilized system-wide. 

incidentally, the worst of all situations is 

& mhom a Itna laual rnmrmriRrtf in the sir 




wer. the AC safety D »Z £~ h0w " 
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one where a line level component in the sig- 
' nai chain has no chassis grounding and no 
proper shielding of the power transformer and 
where the RCA ground contact has devel- 
oped a high impedance due to fouling, in 
such cases you can practically count on 
serious AC hum in your system. 

While the safety ground and the RCA 
signal ground, which are. ol course, con- 
nected, constitute the most usual pathway 
tor nofee contamination, they are by no means 
the sole means o' ingress. Noise may a'so 
oe induced by magnetic fields— transform- 
ers and AC power cords are major offend- 
ers in this regard-or, as we have seen, may 



5?SS^K -essari.ym.tu- 
ren, d^T a line voltage 

negufctor can also be an isolation transW 

fl tE° PQ «™ Pnmary function 
ana will use one specific technoioav ro ac- 
complish that function to ac " 

c^^^^. ? a c,a5S * fi| ectri- 
equipment, are chiefly used in commer- 
C^appw^ons, particularly in larJST 
process,ng centers, in hospitals equipped 
w»th sensitive electronic monitoring equip- 
ment, and in automated manufacturing fecil- 
«*s where me error rate of data processing 
equipment must be strictly controlled Hioh 
end audio is tiny segment of the market 
/ncioentalry, commercial power condrtioning 
equipment is often very sophisticated but 
tends to be quite expensive, with some active- 
ly controlled power distribution modules 
pneed m the tens of thousands of dollars 
Consumer units with which I am familiar are 
less costly, and less sophisticated as weK. 

Surg* Protectors 

Practically all surge protectors on the 
market make use of shunt circuits placed 
across the hot, neutral, and safety ground 
conductors of the internal AC cabling. The 
shunts utilize any of three overvoltage pro- 
tection devices which have the characteris- 
tic Of Opening up and lowering their resis- 
tance in the presence of vofteoes above a 



opening up ana lowering ineir resrc 

tance in the presence of voltages above a 
predetermined threshold These devices are 
the avalanche diode (little used today), the 
MOV (metal oxide varistor). and the gas 
tube All three of these devices are "sacrifi- 
cial,'' that is, they lose their effectiveness in 
the presence of repeated high intensity surges 
and must be replaced, however avalanche 
diodes and gas tubes are more robust than 
MOVs. Unfortunately, there is no foolproof 
method for a consumer to determine if Ihe 
useful lite of the device «s over unless the 
manufacturer has installed monitoring cir- 
cuitry (a rare occurrence). 

Most engineering texts on surge sup- 
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»>e nioheat™^ f ^ *• Ih * case of 

M ° Vs and gas tubes from bulk 
etectron cs supply for under tWrty dblSs 

° Si** 1 C,a88 * d «*ce, that uti- 

died.?™' ? ,hG tead6r in av ^^e 
^ e '^^ «* ^eloped com- 
plex protection circuits based upon these 
devices that wifl g ua rd against very short 
term transients of a few microseconds, as 

nL aS if*? G8 la6tin9 up 10 a !h ^sandth of 
a second. Transsector suppressors are wioe- 

iTn J" ,ndUStry ' and the «>moany c/afms 
useful life exceeding ten years. The downside 
•s cost. Transsector products ars much more 
expensive than MOV based suporessors 
Currently two companies meXe series 
surge protectors for the audio industry, New 
Frontier, located in New Hope. Pennsylvania 
and Brie* Wall, both licensing the same tech- 
notogy. Their modules use series filters con- 
sisting of high value capacitors and very 
large iron core chokes, The Svrge-X prod- 
ucts bearing the New Frontier name have 
been certified by Underwriters Laboratories 
to be capable of withstanding several thou- 
sand repetitive surges of six thousand volts 
and three thousand amperes, and they should 
be able to protect your equipment from almost 
any conceivable power hit including light- 
ning strikes. They are expensive though, at 
several hundred dollars apiece and are 
aimed at recording end broadcast facilities. 
Tne Brick Wall products, targeted at the 
audiophlle and home theatre markets, are a 
bit cheaper. 

I have used the New Frontier device myself, in 
factiownone, and I have not found it to alter 
sound or Image in any way. when used by 
itself- Curiously, when I used the devtce in con- 
junction with the Equ elech balanced isolation 
transformer described below, it appeared to 
degrade sound quality very slightly. 

Surge protectors as a class are common- 
ly thought to affect sound quality, though 
there is no technical reason why such a 
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device should have any baneful effect on 
normal house current, provided that resis- 
tive toss** have been kept to a reasonable 

minimum. 

Surge suppressors are made by a con- 
siderable number of companies including 
Monster Cabte. Panama* and Tripp Ue. 



These I have already touched upon eenv 
er in me text. They are simply one-to-one 
transformers, which means that the primary 
and secondary windings ere the same length 
so thai voltage is neither boosted or reduced. 
Such devices break the neutral, and estab- 
lish a new neutral reference St the ground of 
the secondary. They effectivsry prevent normal 
mode noise from entering an audio system. 

Isolation transformers are made specifi- 
cally for the audio o>mmun»ty by Audio 
Power industries (the Power Wedge). Exide, 
Monster Cable, Tice Audio, Fur man, and 
Equi=Tech Industrial models are matte by 
Sola Heavy Duty. American Power Converscon , 
and others. The Equl=tech and Furman mod^ 
els use what are Known as balanced power 
van&tormere, a design which deserves spe- 
cial mention. Monster Cable *s curwsnfly devel- 
oping a balanced transforms* product as well- 

Balanced power transformers feature 
center topped grounds, and they transform 
the single ended 120 volts to ground AC 
power mio balanced power swinging from 
60 volts positive through ground to 60 vote 
negative. Total voltage swing is the same, but 
the voltage on each hot conductor is hall 
the voltage on en unbalanced hot positive. 

Whate the point? Well, because the volt- 
ages are lower, capacitance between the 
primary and secondary in a components 
power transformer is reduced by a factor of 
four. Thus any AC on the chassis is lowered 
by 6dB Furthermore, any odd order har- 
monics produced by reactive loads fed by 
the transformer will be bucked out by the 
transformer, significantly improving the power 
factor of the AC being delivered to the com- 
ponents. Any normal mode noise generated 
by components win a bo be cancelled 

Balanced power has been used on naval 
ships for decades to improve AC quality 
but has been previously almost unknown in 
audio. In researching this article I interviewed 
several engineers with expertise in noise 
suppression end or power supply design, 
and all agreed that balanced power was 
beneficial and should provide at least some 
noise reduction in en audio system Ef$jj="fech 
claims typical signaHo-noise improvements 
of 16 to iaaB. with greatest improvements 
achieved when balanced power is combined 
with balanced line connections. 

\ was provided with a reviewer's sample 
of Equi=Tech"s fifteen ampere isolation trans- 
former by the manufacturer, and I found the 
reduction In noise to be dramatic . The sys- 
tem in which the device was inserted did 



not have an audible problem with 60 cycte 
hum. so U did not benefit in mat regard, but 
the overall noise floor dropped by what 
would estimate was iGdB. DynarnkS ^p*ared 
to incfeaeea^rresrjondingty. and bass seemed 
more solid. Hkjh frequency transients such 
as cymbal hits had more sparkle and defini- 
tion, rm not going to say that the soundetage 
became five test wider or that pitch became 
more accurate or some of the other claims 
advcnced by other revfcwets for other power 
conditioners because I didn't observe such 
phenomena. But the unit met manufacturer 
claims in reducing the noise floor, and that 
is elmpty indisputable. The noise coming out 
of the loudspeakers under no signal condi- 
tions dropped when the EquVTech was used 
as a power terminal— that simple. 

On the Other hand, the Equl=Tech creat- 
ed plenty of airborne noise because the 
transformer buzzed. I find that less objec- 
tionable than electrical noise, but that's the 
tradeoff. 

One final note: isolation transformers are 
often said to squash the dynamics in sound 
reproduction, and such can occur If the 
transformer's electrical ratings are inade- 
quate The transformer's core must be suffi- 
ciently large to avoid saturation in the pres- 
ence of high current draw, and the windings 
must contain sufficient wire so thai tempera- 
ture rise is kept to a rninimum (elevated tem- 
peratures increase electrical resistance and 
dissipate power), tn practical terms, a 15 
ampere transformer (sufficient for most two 
channel home audio systems) must have en 
iron core exceeding thirty pounds in weight 
and must have a total weight exceeding fifty 
pounds. Many audlophito products of the 
past have been nowhere near that heavy, so 
it's little wonder That thay would compress 
dynamics. But. as I indicated, the Equi=Tech 
had no such effect. Dynamics were actually 

improved. 

Given adequate electrical ratings, there 
is no discernible technical reason why a 
well designed isolation transformer should 
compromise reproduction. But. as arways, 
the truth is in the listening 
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These represent power conditioning at its 
most elementa/y. consisting of a trap filter 
(tuned to certain frequencies) or a low pass 
fitter, either ol which is intended to attenuate 
high frequency noise and distortion on the 
AC waveform- 
Such devices are inexpensive to build, 
end are normally reasonably priced, but they 
have their limitations. As we have seen, pas- 
sive filtering of low order harmonics is Imprac- 
tical, and so the simple line filter has little 
effect on the Signal below 1kHz Yet below 
1kHz is where most of the bad action is. and 
normal mode noise and distortion above that 
point should be largely blocked by the power 
supplies of the components themselves if 
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they're doing their job. 

Ne «her oo simple line filters address com- 
mon mode noise on the ground, nor would 
vou warn to filter ground since ine ground 
path must be kept at as low an impedance 
as possible in order to fulfill its role 

Defenders of the AFl titter type maintain 
that mora effective noise suppressors, par- 
ticularly isolation transformers, cnofce on 
current and squash dynamics, though smce 
the power supply itself contains a vans- 
former. It* difficult to accept that argument 
on technical grounds, provided, of course, 
that the amperage rating of the isolation 
transformer is adequate for the application. 

Rf » fitters certainly aren t without benefit 
-they wouldn't be used in industrial appli- 
cations if that were the case—but they're not 
panaceas either. They only address one prob- 
lem in AC power quality, and that problem 
may not be a serious one in your system. 

Line voltage regulators make a lot of 
sense inasmuch as voltage sags and swells 
can definitely degrade audio and video sys- 
tem performance. But curiously only two 
audio or video oriented power conditioning 
products address the problem, and neither 
has found a significant market. 

Una voltage regulators take several forms, 
the most common of which are ferroresonant 
transformers and switched tap transformers 
or autoformers. 

The former are transformers designed to 
operate with partially saturated cores. Over- 
voHage conditions increase saturation and 
result In reduced efficiency, white undervolt- 
ages reduce saturation which boosts effi- 
ciency. Either way the transformer tends to 
maintain output voltage at a predetermined 
level, and. indeed, some of these devices 
can maintain 120 volt at the power plug with 
sags as low as 80 volts! 

Unhappily, such devices cannot be heav- 
ily toaded, and do not provide satisfactory 
results driving high powered arnpfifters. Hands- 
on audiophiles often experimented w*h these 
transformers during the eighties, but the 
devices quicWy passed from favor 

Tne second type of regulator, the switched 
tap transformer, has a secondary with multi- 
ple taps— sometimes more than ten— that 
provides step up and step down in incre- 
ments of a few volts. Taps are switched by 
active circuits connected to voltmeters, and, 
in the better designed models, wilt switch in 
one wave cycle at the zero crossing of the 
AC waveform. 

Switched tap transformers or autoformers 
cannot maintain a rock steady voltage, but 
they can stabilize voltage to a considerable 
degree and. where circuits are shared with 
motors and other current hogs, will almost 
certainly improve the performance of an 
audio system. 

Furman currently makes one model o» 
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switched top autoformar alined at m* 
drt«*er manufacturers make these d fl v^ s 
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*awfrig power from the line. Such high end 

sum, a high enrj industrial UPS Z 
£Z£Z UW *» ^ AC power, hand! 

So why is n l everyone using them? 
0*>*ou*y, most audiophi/ee ^ mos, fe «aih 



£22 SEE"* empto ^ a comp/ete- 

fe^rh^ ^ ^"caf claims advanced 
'or me product seem highly .mpiaus^T^ 

'wassentaSeakayLiri^Levalu- 



• Regenerators 

offend are currently being 

Z£nlrt£^° •*•*»■«. »* afore 
T^^ 8 Rant and some option- 
% equrpped models of the Equiv^eT 
fr^formers. &£, wort on 

avariabto from a wtde variety of vendors 
-TOfudmg Toshiba. SanRex. BEStS 

A ^ P ^Converston.and«S- 
Sine wave regenerators, ateo known L 

to torn , as other sorts of power condition* s 
AC power sine wZ 

conv^T n^ • * e ^ re AC » DC to AC 
comrerte^ Ohv»usfy by perforrrvng this 
process, these products COmpletelveKmi- 
nate any noise or rarrnor^TTeVoC- 
.oe and effect a total Matron from poZ 
Jna , djsturbancee. excepting no.se ontT 
safety ground v 

AC wavatenT, including commons of ^ 

I cont^ted electrical generators, and 
60 cycle oscillators. Today, however, all but 

^c?l^° e8t UPSS 00 ^rket employ 
PJJjse width modulators driven by a GO cycle 
clock Thus the UPS might be sard to be a 
class D power amplifier which amplifies but 
a single frequency, namely, 60 cycles 

UPS's vary considerably in the accuracy 
with which they reproduce a 60 cycle wave 
form. Low priced UPS's sold in electronic 
supply stores normally switch the carrier at 
low frequencies (within the audio range) and 
produce a staircase output wave form which 
is then smoothed through an output later. 
Such devices may output a wave wrth as 
much as 10 percent THD. Higher quality 
UPSs, which are said to have a sine wave 
output, win switch at higher frequencies, with 
, 48kHz representing the maximum In a com- 
mercially available product. The best of these, 
the Toshiba*, are guaranteed to maintain 
distortion below 1 percent, which is consid- 
erably better than the AC supplied by utilities. 

A few UPSs, such as the SanRex and 
Toshiba models, incorporate automatic power 
factor correction circuits which will adjust the 
output in the presence of reactive devices 
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er^°^f ""Parage to run a h,gh pow- 
ered AV system will run a couple of oranrt 
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^ Correction Device* 

Power factor correction devices a/e nor* 
many ^Ued by utility a^ieVt o^ e 

ESSE* 

screed below, none are consumer products 
Fourj principal technologies are usedl* 
£™ factor correction, simple shontcapac- 
^circuits switched capactor shunts, teed 

ton. We can ignore the last since we have 
nHT Y o^ 9 **"* * ^ Seakay and USES 
Products use an altogether drfferern tecCe 
one covered in a recent patent. IncidentX 
Seakay is a licensee of USES 

rJ^^L faclors are ""any ^e 
result of .nductrve toads, the adrjitton of par- 
altel circuits with capacitors tied to ground 
wiUnormaDy improve power factor if the pro- 
blem is intermittent, sensors tied to banks of 
switched capacitors will provide more accu- 
rate correction. 

Vet more precise correction may be ac- 
complished by attaching a comparator cir- 
cuit with a 60 cycle reference to the AC line 
and using a high powered class AB amplifi- 
er to amplify the difference signal and inject 
it antiphase into the powerline. A couple of 
such devices exist in the consumer audio 
market, the Accuphase models PS- 1200 
and PS-1500, the numbers referring to volt- 
amperes. I have tested ^either device, but 
the principle of operation is sound, and I 
*Ould expect that these conditioners would 
provide a significant reduction in line har- 
monics. Such devices were, at one time, 
available in the Industrial market as well, but 
inquiries put to major power conditioner verv 
dors yielded no evidence of current produc- 
tion models. My surmise is that sine wave 
UPSs have tended to obsotesce feedback 
correction schemes in the industrial sector. 
The USES technology tor power factor 
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anon, and found no benefit whatever from 

^L ^ m ab,e 10 los{ me rf evice with 
fJ^^"^ 1 cu * ' contacted a USES 
ll E *k N6W EnQ,and A technic^ 
staff member reported negligible oow^ 
^ correction capabilities ^ a °" 

m l!!^° int ™- hOwev0r * ir ™ a number 

"^™?° lu * ^reported stupen 

T™?^* hom us,n 0 device. Vou 
never Know. 

bv ff E t2Zi claims UL ,cs,in a TOt ^f*«ed 
by 01 and the capability to protect against 
I'gnmmg strikes, not validated by anylndL 
pondent body. But what the wST 

Other Devices 

thr^Zl 0 ° Uf **** Caleaor » ^ contains 
mree devices which don't really fit into any 
of common groupings, into this grab baa 
we place these products, the Chang Light* 
speed, the Bybee Box, and the ServodT e 
mc Ground Loop Eliminator. 

The Chang Lightspeed is Goo knows what 
.nterviewedthe designer, and he refused ' 
to discuss the principle of operation, claim- 
ing the technology was a trade secret I've 
never tested the thing so I have no idea what 
»t has to offer. 

I do have some experience with the sec- 
ond accessory, the Bybee Box, invented by 
Jack Bybee of Bybee Technologies. Having 
interviewed Mr. Bybee at length. I can say 
that he unquestionably possesses a strong 
scientific background, but I cannot determine 
the validity of his claims. 

Bybee states that his device addresses 
the problem of quantum noise, a tow level 
electrical disturbance arising from the fact 
mat individual electrons occupy discrete 
quantum potential energy levels, and that a 
drop from one level to another, as occurs 
continually, will result in a release of energy 
(measured electrical charge is the average 
of countless individual electron energy lev- 
els and does not reflect individual differences 
on the electron level;. Such quantized releas- 
es of energy occupy specific portions of The 
spectrum and tend to be especially preva- 
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lent in tnc audio mioVange. incidentally. Vie 
generation of coherent laser Hgm is baaed 
on just such quantum principles. 

Bybee maintains that while the level of 
such quantum noise is »ow. it is none the less 
obtrusive in audio and video circuits. His 
devices purportedly filter quantum noise, 
though not by returning it 10 ground, as do 
filters consisting of inductors and capaci- 
tors, but rather by converting It into heat. 

Bybee says that quantum filters were 
originally developed under Navy contracts 
in order to help monitoring equipment to pick 
out faint sonar signals buried in the electri- 
cal noise Moor He claims to have been env 
ployed by a Navy contractor in developing 
such filters. 

Bybeee devices ere expensive, and he 
himself admits that they don't seem to bene- 
fit some systems, i would advise a home 
audition before buying one. Nevertheless, I 
should say thai the technology has been 
endorsed by two design engineers who I 
respect greatly: John Cu* and Jennifer Crock. 
Incidentally. Bybee claims differences in AC 
caused by his device are measurable, though 
not by means of conventional power factor 
meters. 

1 tried one of the devices myself, a pre- 
production prototype. I did not notice an 
improvement or indeed any change at all. 

The Servodrive, Inc. Ground Loop 
Eliminator, is not really a power conditioner 
in the strictest sense, but since it effectively 
addresses one of the most persistent and 
annoying problems in AV systems, it's worth 
a mention. Having signed a nondisclosure 
agreement, I cannot reveal the principle ot 
operation except to say that the device 
incorporates a tweak that has been known 
to a few technically sawy audiophiles for 
decades, and mat it is just as effective, if 
not mom so than an XLR connection for 
breaking ground loops. 

The Ground Loop Eliminator is a com- 
pletely passive device placed between line 
level components. Prices depend upon the 
number Of channels but are in the hundreds 
of dollars. It's not cheap, but construction 
involves some fairly expensive magnetic 
materials, and it really works. 

Bumming Up 

AC line conditioning is of theoretical ben- 
efit, but measurable and perceptible results 
vary greatly according to the quality of the 
AC in the first place and the design of the 
AC components. RF filters, isolation trans- 
formers, and surge suppressors are valid 
accessories, though again effects are vari- 
able. Series mode and avalanche diode type 
suppressors should be used in leu of the MOv 
type if one can possibly afford the former. 

Top rated sine wave UPSs probably rep- 
resent the ultimate in line conditioning out 
extremely high prices preclude their use «n 



most systems. Finally, the buyer should exer- 
cise extreme caution in regard to devices 
based on mysterious principles of operation 
or claims which seem to fly in the face of 
standard engineering theory. B 

Part t 

in Part 2, we will look at several consumer 
application AC Power Quality Devices on 
the market and evaluate their performance 
on a home theatre system. 

Manufacturer* List For AC Power Quality 
Device* 

1. Accuphaso (SOW through Axiae DWtouiion 
inc.): 17800 Main Steel. Suiie 109. Gardena. CA 



90248-3500. 310 329 0187. 

2. American Power Conversion: 132 Fairgrounds 
Poad. West Kingston. Rl 02092. BOO B004APC. 
401 7895735 APC specializes in microprocessor 
controBed-UPSs with advanced diagnostic and 
manogemeni features. 

3 Audio Power industries: 2024 South RouaseHG 
Street. Santa Ana. CA 92707. 714 543 9495 
Leadiiig manufacturer of eudtophUe line titer* 
eteo active in indueirial marxets. 

4 Best Power: P.O. Box 280. Necedah, Wl 54648 
800 356 5794, 608 5657200; Best specializes in 
sma» UPSs for PCe and telephones 

5. Brick Wall: 800 528 0313- Licenses New Frontier 
tecrmolooy. Products aimed at audiophiie rether 
than industrial markets. 

6 BvOee TechnOlOQiee, Inc.: 2072 Toufalne Una. 
Mart Moon Bay, CA 94019. 650 726 9352. 
Manufactures a passive "Week box" power line 
conditioning wMlcn. as w«n as noise suppressors 
for hne ievei end sp«<*er level interface*. 

Cnano Lightspeed 

Distributed by RCS Audio International: 3861 
Timber Lane, Verona. Wl 535W. 608 833 6383 

7 Eoui=Tecn Corporation: P.O. Box 249 Selma, 
OR 97358. 888 AC SOURCE, 541 697 4448. 
EQuWTech makes balanced isolation transformers 
and UPS/balanced iransiormer combinations. 

8. EXIde: 8609 Six Forks Road. Rateioh. NC 27615, 
919 8723020. Major manufacturer of UPSs end 
transformers. 

9 Fur man Sound, inc.: 30 Rich Street. Greenorae. 
CA 94904, 415 92? 1225. Caters to the profes- 
sional sound market. Produces balanced trans- 
formers and switched tap autoformers. 

10. MIT (Music interface Technologies): 13620 
Lincoln Way. Unit 320. Auburn, CA 95603-3261 . 
916 888-0394. Leading manufacturer of audiophile 
cables. Recently active in {he power conditioning 
business. 

11. Monster Cable Products, Inc.: 455 Valley Drive. 
Brisbane. CA 94005. 415 840 2000. World's lead- 
ing menufacturer of audiophiie cables. Recently 
introduced a line of surge protectors and Ine filters. 

12. MSB Technology. Inc.; 14251 Pescadero Road 
3/30 le Honda. CA 94020. 415 747 0271. MSB 
makes the only audiophiie UPS. Primarily in the 
D/A convener business. 

13. New Frontier Electronics: 274* North Sugan 
Road. New Mope PA 18938 215 662 9344. Makes 
series mode surge suppressors. 

14. Panama*: 150 Mitchell Bov«evenl San Rafael. 
CA 94903*2057. 800 472 5S5S. Leading manufac- 
ture/ Of surge suppressors. 

WIDE9CREEN REVIEW • ISSUE 30 



15. SanRe* 3000 Marcus Avenue^Jev* f Hy de 
Park. NY 11040-1008. 688 *62 1026. 516 352 
3800. Makes a wide range ol UPSs, 

16 Seakay: 8 Riant Orive. Waterford. CT 06385. 
660 739 5899, Makes a "black 00*" solution that 
supposedly provides surge suppression end 
power factor correction. Distributes USES. 

\7 Servodrive Inc.: 1940 LeHigh Avenue, Unit C. 
Glenview. IL 60O25. 847 724 5600. 

Sola Hevl Duty: BOX 268. Go»dsborO NC 27533- 
0268. 800 377 4384. Manufacturer Of OOwef condi- 
tioning products. 

16. Tice Audio. 1530 Cypres* Orive. Suite C. 
Jupiler, FL 33469. 407 575 7577, Manufacturer ot 
tsotation Transformers. 

19. Toshiba International Corp.: 280 Utah ^enue. 
South San Francisco. CA 94080. *1S 872 2722. 
Makes electrical generators and ultra-high spec 
UPSs. 

20. Transtech Systems: 10701 Airport Dr^e. 

I layden Lake. Idaho 83835. 600 882 91 10. 208 
772 6515. Manufacturer ol avalanche diode surge 
suppressors. 

21 Tripp Ute: 500 North Orleans. Dept TR. 
Chicago, 11 60610 312 755 5401. Best known for 
surge suppressors, but a»so makes UPSs. 

Consultant* 

1 . American Power Conversion: 132 ^grounds 
Road. West Kingston, Rl 02B92, 600 6004APC. 
401 789 5735. 

2. R O. Associates: 10701 Airport Drive, Hayden 
Lake. Idaho 63835. BOO 662 91 10. 208 772 8515- 




'lOldB at 12>S Hz, 1MB 
at 16 Hz, H4dB at 20 Hz.. p 

Don Keele. Audio, August 1998 

'Bargain of the Century' 

Tom Nousame, CSR, May 1998 

'An Absolute Must Buy 9 

R. Thompson, Sensible Sound, H67 

HSU RESEARCH 

True Subwoofers 

Offer: 

• Unparalleled Value 

• Unparalleled Flexibility 

• Unique User Support 

• Smallest footprint 

• Garnered more rave re- 
views than anyone 

Website: www. hsuresearch.com 
Email: hsures@earthlink.net 
Hsu Research, Inc. 

3160 E. La Palma Ave, *D 

Anaheim, CA 92806 

(800)55*0150/(714)666-9260 

(714)666-9261 (FAX) 
Available through Mitel outers, or factor/* 
dvccf wlto 30-Day mowtwek gutrwlet 
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by Chris Steinwand | Feb 01 TO 

Contrary to what the electric compute, would have you M*** 
voltage Is not created (or Retributed) equally. One hundrad^nty 
votts le more wtehrui thinking than reality nK*t of the time . Yet moat 
electronic equipment for use m North America la daalo^ed to 
operate el 120V, alternating 60 timet per second. C^ tooNr outejde 
of that range end you encounter problem*, especially with digital 
equipment, which must operate In a highly regulated environment 

If that weren't enough cause for concern (and problems with your install), 
there 15 also the possibility (probability?) that the electric tines you have 
access to for your install are probably being shared by other devices such 
as air conom>ners/heaters. refrigerators, and any number of other 
devices that will create frequent fluctuations and surges in your AC 
power. Any of those devices can also introduce rioise 
Power conditioners do help to fitter out the unwanted notes, and even 
though me irtcorntng power fine is not the most common source of noise 
interference, the protection is still good to have and can save you many a 




Ratated articles 
SoundaVldeo 



> Shetter from 
Feb 01 '03 

> AC 20£..P? 
01 

y GROUNDS 
noise Sinks? 



Power surges, voltage spikes, and electromagnetic noise can all cause 
potential problems with electronic equipment. There are many products 
available to address each area of concern, but one product group 
addresses all three problems. These nifty Mack boxes are called power 
conditioners or fine conditioners. The correct term Is power line 
conditioner, but however you say it, in order to be considered a power 
conditioner in the generally accepted sense of the term, the unit must 
in corpor ate surge protection, electromogrieljc-iiiterfenjnr^/rsdio- 
freo^iericyirnerference (EMl/RFI) noise filtering, and voltage regulation. 
For most professional installations, it was felt that these devices should 
also be rackmountable. These were the key criteria used to define this 
technology spotlight 

VOLTAGE REGULATION 

At the top of the list is the tine-leveling function, or voltage regulation. The 
professional audio, video, and lighting equipment people use Is usually 
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steady voltage by stepping up or stepping down me voltage. Stepping 
down is not a problem, but when you step votege up, you do so by 
lowering the available current (or amperage). That * not always wwejn a 
situation in which your equipment requires large amounts of current. For 
example, If you were running a conventional power amplifier at high 
volume and there was a sudden drop in the voltage right when the amp 
was required to produce a particularly loud or lew frequency, your voltage 
regulator would raise the voltage, but the amp could no longer draw the 
currant it needed to produce that note. Thaft could cause a circuit breaker 
to trip, shutting down the whole rack of equipment 

Because most power supplies have a fixed internal resistance, they 
cannot absorb large fluctuations in AC voltage As the toad resistance 
decreases, the Internal resistance of the power supply decreases the 
voltage across the toad. Whereas mat has me potential to damage any 
electronic equipment, digital devices are especially susceptible to 
fluctuations in DC voltage. 

In general, circuits are designed to operate with a particular supply 
voltage. When the supply voltage changes, the operation of the circuit 
may be adversely affected. Consequently, some types of equipment must 
have power supplies that produce the same output voltage regardless of 
changes In the toad resistance or changes In me AC Sne voltage. That is 
where me voltage regulation function of a power conditioner comes into 
play. By constantly monitoring the AC voltage level and limiting it when 
necessary, a more consistent voltage level is maintained, lessening the 
chances of damage to or erratic behavior of your equipment. 

SURGE SUPPRESSION 

The next and possibly most critical function of a power conditioner Is 
surge protection. In addition to the constant variations on line voltage, 
there are many events and conditions mat can cause surges, or spikes, In 
me AC power line mat can damage transistors, make logic chips to 
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behave erratically, and even cause transformers to explode under 
extreme circumstances. 

Votteoe spike, and surge, are the silent equipment 
tt^^reWparticularty nasty Is that you never know when they are 

SrTSir than the damaged equrpment). and • 
^ZoTone component or all of them » ^ 
MSctbM env damage, or it could cause total product «lure the ^trmej 
o^raWSvac. an efcctronlc component end W^oj 
Sor or change the value of just one capacitor makes «^J£ n J«* 
It cleave you scratching your headasto exac^why^ur 
e3nertisbahav«ngetH»ri^ 

* generally frowned upon and to be avoided whenever poaa*le. 

(For a more in-depth explanation of surge protection, see -Shelter from 
the Storm* on p. 38.*) 

EMI/RFI FILTERING 

EMI/RFI noise filtration rani realty a critical factor in prwrentJng^lpment 
failure, but it is an important step in helping to Insure truit the best sound 
and picture queBty are delivered on a consistent basis. 

EMI and RFI ere terms thai are often used interchangeably, though they 
are not the same thing. EMI is a specific type of noise thatcanbe 
introduced into a power line, whereas RFI represerto the frequency^ range 
(or pitch) of noise that can be irttrodiieediritoe power One. 
hand in hand, but not always Both can cause noma P«*t«"*. "^f** 
In installations m which power teles or e run dose to or touch audio/video 
signal cables. Power lines can also act as antennas tor picking up noise 
and transmitting it directly into the electronic circuitry, where rt can do 
anything from producing an audible buzz to causing equipment to 
malfunction 
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by Chris Steinwand | Feb 01 '03 1 

continued from page 1 

Although there are many way* that EMI/RFI noise can be i*^<^j™ 
aZ^or video signal path. the first *™<**^**<^^ 
rLe from the incoming ^^S^ 
are trying to protect from unwanted now to often the worst culprit m 

producing it 

tn the case of power conditioners, ftteringout^ J^^^ to 
accomplished with e series of passive rwstors and capa^s ar^e^ 
the powerfines to create bandpass fitters in much the same way that they 
are applied to a speaker system crossover to btock high and low 
frequencies. 

THE PRODUCTS 

There are many manufacturera of high-quality products that accornptoh 
one or two of the functjonB described In this article, but m the interest ol 
iTimimizrng confusion, the focus te Rmited to products that meet all three 
criteria in a rackmountabte housing. 

MANUFACTURERS 

Applied Research and Technology (ART). ART recently unveiled Its 400 
Series Digital Power Distribution Systems, models 401, 402, and 403. All 
offer surge/spike protection. EMI/RFI Altering, frontmount circuit breaker, 
1 .SCOW capacity, and eight rear AC outlets. The 405 end 403 units add 
AC Brie-voltage metering and pull-out rack lights with dimmer; the top-end 
403 includes a load current ammeter. 

ETA Systems. ETA Systems offers a broad range of models, each with a 
sSghtly different feature set tailored to specific applications, but aU are 
built on the same foundation- The ETA models have a convenient, easy* 
to-understand nomenclature structure. The PD In the products' names 
stands for power distribution. The numeric portion identifies how many AC 
outlets the unit contains. The L means the unit has pul-out rack lights. If s 
Important to note that the lights used in the ETA boxes are 1 10V 
"Christmas tree" lights, which can be purchased virtually anywhere. They 
also do not have a variable dimmer — just a high/low switch. The reason 
for that is to minimize the possibility of Introducing noise Into the system. 
An improperly shielded dimmer or DC converter can create noise. The V 
signifies an LED volt meter that is accurate to within % of a volt. One S 
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«i It uses sequential stop-up or -down transformers and surge 
protectors. TheSS models also use the sequential tedimrfogy and are 
standalone units that are not able to daisy-chain with other condlttoners. 
The P WerrtHtes the pm series, wr^ 

Furman Sound. Furman also has a broad range of products that are 
divided into the 15-amp and 20-amp categories. Both linasfeatajre a 
fronlmounted circutt-breaker switch, but the 20-smp 
use as a master switch, which is convenient for use In builds where fire 
and safety codes arent always followed to the letter and wtwe you might 
find yourself tapped Into a power line that's on a 50-amp breaker 
somewhere m a dungeon To put this rnto f^rspeciive. 50 «nps of current 
one 115V line would equal approximately 6.Q0GW of power, which 
translates into the potential to do a great deal of damage. 

The Furman models use MOVs and gaa^diecharge tubes to control 
voltage spikes. This combination allows the larger units to absorb as 
much as 1 1 .000 amps, which is not urcommon in the event of a 
lightening strike. AD of the Furman units also have the Wgh-w*age _ 
shutdown protection common to power conditioners. Front-panel LED* 
show line voltage and protection status. 

Panama*. Partamax makes several products focusing on surge protection 
ami noise miration Its i^ 5500 and 5510 incorporate a dual-r^ 
system. Four of the units ten AC outlets deliver power trough a large 
isolation transformer, providing uKradean power for digital equipment, 
such as CD/DVD players and hard-drive video players. Another four 
outlets are filtered through balanced -double L" circuits to remove 
unwanted noise. 

Two of the power outlets have a -delayed-on* feature to accommodate 
large current-draw equipment such as power amplifiers or powered 
subwoofere. Both units also provide surge protection for coaxial cables 
and a telephone line. Voltage regulation is accomplished through a high 
and low current fimffing filter If the incoming voltage exceeds or fate 
below the set parameters, a protection circuit kicks in to protect the gear 
They use a combination of analog maters and LEDs for status display and 
come with a detachable wrwenlence tamp that hw ^ 
control. 

SurgaX. SurgeX takes a distinct approach to surge protection (see the 
sidebar "The NoncHverswnery Alternative'). Whereas most surge 
protectors shunt the surges to the ground path. SurgeX models actually 
store the exoass electricity and then slowly tfscharge tt across lir^ and 
neutral, which avoids contamination of the equipment ground conductor. 
"Hiat is especially useful for protecting digital equipment, because logic 
chips are particularly sensitive to negative power spikes and unstable 
equipment ground. 

SurgeX conditioners use tares circuits for surge/spike protection: a series 
reactor current Umfler, a dual-polarity voltage limrter. and dual pulse 
Inverters. They also utilize «n Impedance tolerant noise filter. Future 
models may also incorporate a proprietary approach to voltage regulation 

Trtpp-lite. Trtpp-Ute has one entry In the power conditioning product 
group, but H has some distinct features. It employs trartaformer-baaed 
voltage regulation to keep the voltage at a true 1 20V, even if the Incoming 
voltage drops as low as 87V. Of course, that is accomplished at the 
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expense of amperage, but in epplestlen* in which steady 

Z^2tZZ n hirtvcaoacitv current draw (read: computer* and telephone 

^^^sta^e feature. TW. un* * Oeefy «~" - JS" " 

L* at 20 amps of current wHhout breaking a sweat. Swan 

SlTirorl panelrcglster Incoming voltage level.. The unrt has a total of 14 

AC outlets: 12 on the back and 2 up front 



SUMMARY 



As more and more of the equipment people use is «*8^^-<*» 
naed for dean power wiO oonttiue to Increase. Regardless of gear 
yTspeX^n tr^tau. some type of power P^^»^*°™* 
E^ov^cerrfitic^ 

sorted 'dirty* power and noise in the building's power source. 



Chns Stelnwand Is a marketing veteran of the pro audio/video taA»tryu • 
freelance writer, and the director of Stonejam Consulting. You can reach 
trim through e-mail at chriseslonejam.net. 
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UL 


Operating 


Total 


Total 


Rack 


No 


Model 












Re 


Listed 


Voltage 


Amps Wattage Spaces 


Out 


401 


X 


120 


15 


1,800 


1 


8 


402 


X 


120 


15 


1,800 


1 


8 


403 


X 


120 


15 


1.800 


1 


8 


PD8 


X 


120 


15 


1,800 


1 


8 


PD8L 


X 


120 


15 


1,800 


1 


8 


PD9L 




120 


15 


1,800 


1 


8 


PD10VRS 




120 


15 


1,800 


1 


10 


PD11LP 


X 


120 


20 


2,400 


1 


10 


PD11LV 


X 


120 


15 


1.800 


1 


10 
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IJSems PD11LVP * 

litems ™ 1LVSP * 

ETA p011p 
Systems 

PD11SS 

Systems 

I™ PD11SP x 
Systems 

PD11SSP x 

Systems 

|™ PD11VP 
Systems 

Furman pL-8 
Sound 

Furman PL . PIus 
Sound 

Furman pu>r0 
Sound 



Furman 
Sound 



PM-8 



Furman pM _ pro 
Sound 



Furman 



PS-Pro 



Sound 
Panamax 5500 



x 
x 
x 

X 
X 
X 
X 
X 



SurgeX SX1115R x 

v SX1120 „ 

SurgeX RT x 

SurgeX SX2120 x 

v SX2120 y 

SurgeX SEQ x 

Trlpp-Ute LCR2400 



120 


20 


2.400 


1 


10 


120 


20 


2.400 


1 


10 


120 


20 


2.400 


1 


10 


120 


15 


1,800 


1 


10 


120 


20 


2.400 


1 


8 


120 


20 


2.400 


1 


10 


120 


20 


2.400 


1 


10 


120 


15 


1.800 


1 


8 


120 


15 


1.800 


1 


8 


120 


20 


2.400 


1 


8 


120 


20 


2.400 


1 


8 


120 


20 


2.400 


1 


8 


120 


20 


o Ann 




8 


120 


15 


1.800 


2 


10 


120 


15 


1.800 


1 


8 


120 


20 


2.400 


1 


A 

o 


120 


20 


2.400 


2 




120 


20 


2,400 


2 


12 


120 


20 


2,400 


3 


12 
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P tABCDEFGHUKLMNOPQRSIU VWX YZ] 

p - pico used to express 0.000000000001 (10 to the -12th power) times the standard 
unit, i.e. pF 

Parallel Online UPS - Online UPS technology that provides redundant sources of 
conditioned backup power so that the critical load is protected even in the event of 
UPS component failure. 

Peak Voltage - Also called peak-to-peak voltage, it is a measure of an AC waveform 
of the highest peak-to-peak voltage present on the waveform. A proper 120V AC 
waveform will have a peak voltage of about 170 volts. See RMS. 

PDU - Power Distribution Unit. This electrical device is used to control the distribution 
of power to the individual loads. Control may be as simple as a series of switch or 
circuit breakers to interlocked logic operating solidstate relays. Available as a stand- 
alone unit or integrated into the UPS. 



Power Factor (PF) - Power Factor, the cosine of the phase angle between the Watts 
(real power) used relative to the VA (apparent power), (Watts = VA x PF). Can be 
expressed as a percent or decimal number, i.e. a PF of 0.65 is the same as a PF of 
65%. 

Power Factor Correction (PFC) - An active or passive input circuit to change the 
power factor of the input current to a device so that it is closer to a PF of 1 .0. 
Numerous benefits include reduced input line current and lower input harmonics. 

Power Conditioner (Line Conditioner) - A unit that provides clean, well regulated 
power. Input and output voltages may also be converted as well. 

Power Management Software - Provides monitoring and shutdown for UPS and 
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Push-Pull - Converter topology usually configured as a forward converter, but uses 
two transistor switches and a center tapped transformer. The transistor switches turn 
on and off alternately. Also see Boost Regulator, Buck Regulator, Bridge Converter, 
Flyback Converter and Resonant Converter. 

PWA (PCA) - Printed Wiring Assembly (Printed Circuit Assembly), refers to the 
individual assembled electronic cards used in an electronic product. 

PWB (PCB) - Printed Wiring Board (Printed Circuit Board), refers to the bare circuit 
cards used in PWAs. 

Q [ABCDEFG H 1 1 JKLMNOPQRSIUy WXYg 

Q (Q Factor) - A measure of the relative losses in an inductor. It is also known as the 
quality factor, defined as the ratio of inductive reactance to effective resistance. Q is 
zero at the SRF of an inductor. 

R [ABCDEFGHIJKLMNOPQRSTU 

Rack - A mechanical structure for mounting electrical equipment. Size and mounting 
patterns are defined by EIA 310. 

Rack unit (U) - A common increment of equipment space height as defined by EIA 
310. Typically 1 U equals 1.75 inches in height. Racks are sized in whole number of 
unit, i.e. 45 U rack has 78.75 inches of panel space. 

Rackmount - A piece of electronic equipment such as a UPS that can be mounted in 
a rack along with servers, hubs, and other devices. 

Receptacle - A contact device installed at an outlet designed to accept a single plug. 
Receptacles on the rear of a UPS accept plugs from supported system equipment 
such as computers or monitors. 

Rectifier - An electronic device that converts AC power to DC power (AC/DC) 

Redundancy - Duplication of elements in a system or installation to enhance the 
reliability or continuity of operation. 

Regulation - A method of limiting voltage to a narrow range. 

Redundant Operation - Parallel configuration of converters used in distributed 
power system to increase system reliability. Converters may be used in a N+1 
architecture. 

Remote Sensing - Using sense leads connected at the output load provides 
feedback to voltage regulation circuits of a converter. This arrangement is used to 
compensate for voltage losses from long leads to a load. 
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REPO - Remote Emergency Power Off. See Emergency Shutdown. 

Resonant Converter - Switching converter technology in which a resonant tank 
circuit operating at very high frequencies is used to transfer energy to the output. 

Reverse Voltage Protection - Converter feature that prevents damage to internal 
components if a reverse voltage is inadvertently applied to the input or output 
terminals. 



RMS - Root Mean Square. The square root of the average value of the squares of all 
instantaneous values of voltage or current during one half cycle in an AC circuit. For 
a sine wave, the RMS value is approximately equal to 0.707 times the peak value of 
the waveform. RMS is also called the effective value. 



Rolling Blackout - A condition where power utilities purposely impose blackouts 
over a portion of their service area to free up capacity so that the remaining service 
area can continue to be served. After a time, another portion of the service area has 
a blackout imposed on it, so that power can be restored in the original area. 

Rolling Brownout - A condition where power utilities purposely impose brownouts 
over a portion of their service area to free up capacity so that the remaining service 
area can continue to be served. After a time, another portion of the service area has 
a brownout imposed on it, so that power can be restored in the original area. 

RS-232 - Also called serial ports; a method of communicating digital information in 
which the data bits are transmitted sequentially over one line. 



This page was last modified on: March 04, 2004 




Send questions or comments about this web site to we bmaster@ rugg eds yst ems.com . 
Copyright © 1991- 2004 Energy Technologies, Inc. Last modified: June 24, 2004 

IstEnergy™, IstPower™, 24-7Backup™, 91 1 Power™, AC24-7™, ACanytime™, ACany where™, ACbackup™, ACintegrity™, AirbornePower™, BackupAC™, BackupSource™, 
BackupTheWeb™, BattiePower™, BlackoutPrevention™, BusinessBackUPS™, cleanUPS™, Control I ingPower™, DC24-7™, DCBackup™, DCintegrity™, EnergyTech™, ETC™, 
ExtremeUPS™, Global PowerSource™, GlobalUPS™, Homeland Backup™, ImprovedPower™, Industrial Back up™, InfoBackup™, IntelligentUPS™, IntemetPowerManager™, 
LabUPS™, LightUPS™, KnowPower™, MarineBackup™, Medical AC™, MedicalBackup™, Military Backup™, Military Power™, Naval Power™, NavigationPower™, Navy Power™, 
NetworkPowerManager™, NonStopAC™, OfficeUPS™, OnsiteBackup™, openUPS™, Personal Source™, PetroC hem Power™, PipelinePower™, Portable PowerPlant™, 
PoweringTheNet™, PowerProtection™, PowerSecurity™, PowerStatus™, PreventingBIackouts™, RedundantPower™, Renewable Source™, RuggedPower™, RuggedSy stems™, 
SCADApower™, Shipboard Power™, Signal Backup™, SolarBackup™, SolarPowerSource™, Telecom Back up™, ThePowerConnection™, TrafflcBackup™, Traffic Signal Backup™, 
UPStart™, UtilityBackup™, windUPS™ and WorldPower™ are trademarks of Energy Technologies, Inc. 



Legal statement. 



http://www.powersource.net/glossary-p.htm 



6/30/2004 



Page 1 of 1 




Dear Audiophile: 

The Power Line Conditioner is designed to eliminate audio noise on the AC power line. One of the major 
usage is to improve Hi-Fi Audio sound image. This Power Line Conditioner cover wide frequency range 
up to 30MHz to filter out the noise components, but not just audio noise to provide a clean Power source. 
Besides of providing filtering capability, the conditioner also provide strong isolation between 
equipments. 

As all Audiophile aware that odd harmonic frequency create bad Hi-Fi Audio sound image. We noticed 
that odd harmonics create bad sound more than even harmonics. Of course, all audiophile notice the 
difference by their ears. You will find a table which shows the typical attenuation of our Power Line 
Conditioner. 

Other application of this Power Line Conditioner are any equipments which are sensitive to power line 
noise from Audio to 30MHz. 

Every Power Line Conditioner come with their Limited Life time Warranty. 

You are welcome to try the Power Line Conditioner & return to us with original packing for refund if you 
are not satisfied (applicable Tax & delivery charges are not refundable). No question will be asked. Just 
pack & return at original condition for refund. As a serious Audiophile & a person who care about the 
effect of the power line noise, You will be amazed by the difference. 

Ba ck To Top 



Web Pages by : david@acpeam.com. Copyright © 1996, acpeam Enterprise inc. 
All rights reserved. Revised: September 30, 1999. 
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Device used to protect the computer from variations in the power supply, 
such as spikes and brownouts. It is connected to the wall outlet, and the 
computer is then plugged into it. 

Also see: Line , Power definitions 
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aw™ protect the System That 
Protects Your Assets 



Eliminate over 95% of computer problems 

including software "lock-ups" with 
SecurtteX™ AC power line Conditioners 



80% Of our tech calls have 
identified power as the cause 
to DVR failure 



SLC 

SecurteX™ Line 
Conditioner 



• Typical facilities experience over 6200 measurable power disturbances per year. 

• Power disturbances can cause computer lock-ups, corrupted or loss data, and 
unexplained equipment and board failure. A line conditioner produces pure AC 
power with no harmful transcients or corruptions. 

• Power surges reduce the life of computer boards. Delicate circuitry is not de- 
signed to withstand voltage surges. A surge suppressor clamps voltage in a safe 
range within micro seconds of a power spike that could destroy the unprotected 
circuit board in a computer. 

•The average UPS (Uniterruptable Power Supplies) is not enough to protect your 
system and may actually add to the problem by generating "electric noise" of their 
own. 

SecurteX™ Line Conditioners protect your system 3 ways. 

• Surge Diverter -- Eliminates voltage spikes and impulses that can 
degrade or destroy computer components. 

• Isolation Transformer - Eliminates common voltage problems that 
will corrupt data, create communication errors and system lock-ups. 
Commany called electrical noise that is carried along on 1 20V AC circuits. 

• Noise Filter - Provides a low impedance path to the ground for electrical 
noise before it reaches the computer. 
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SecurteX Digital™ 
982 Senate Drive 
Dayton, Ohio 45459 



www.securtex.com 



Phone: 937.312.1414 
Fax: 937.312.1418 
E-mail: Sales@securtex.com 
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